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INTRODUCTION
Literally every ejaculate is ought to be contaminated with potential sources of reactive oxygen species (ROS) (Aitken, 1995) , high concentration of which has been associated with a decreased motility (Eskenazi et al., 2003) and efficacy of sperm-oocyte fusion (Agarwal et al., 2007) , increased DNA damage (Armstrong et al., 1999) as well as cellular membrane lipid peroxidation (Aitken, 1995) in the male gamete. Because ROS have both physiological and pathological properties, the organism has developed specific defence mechanisms to maintain the ROS levels within a physiological range. Antioxidants are therefore compounds that dispose, scavenge and inhibit the formation of ROS, or oppose their actions (Sikka et al., 1995) . Due to the small volume of cytoplasm and low concentrations of scavenging enzymes, spermatozoa have limited antioxidant protection. Meanwhile, the seminal plasma has been repeatedly defined as an important protector against possible ROS formation or distribution, due to a vast array of both enzymatic as well as non-enzymatic antioxidants (Agarwal et al., 2006) . The chemical diversity of antioxidants makes it difficult to separate, detect or quantify individual antioxidants from a complex biological sample. Therefore, the total antioxidant capacity is often useful to evaluate the general beneficial properties of the sample based on the cooperative action of individual antioxidant compounds (Apak et al., 2013) . Several assays have been proposed to estimate the antioxidant capacity in animal reproductive cells and tissues, including 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) (Badarinath et Therefore the aim of this study was to compare the effectiveness of antioxidant capacity determination in bovine seminal plasma and spermatozoa by two popular spectrophotometric tests: ABTS and FRAP. Both methods were validated statistically, and their effectiveness was compared with regard to the most significant spermatozoa motility characteristics.
MATERIAL AND METHODS
Semen samples were collected in duplicates from 37 Simmental-Fleckvieh bulls kept in the Breeding Centre of the Slovak Biological Services, Nitra, Slovakia. The animals were 4-6 years old and fed a standard diet consisting of green and cereal fodder, berseem, straw and commercial mixtures for beef cattle. Water was provided regularly. The samples were acquired on a regular collection schedule using an artificial vagina and immediately transferred to the laboratory. Basic semen assessment was performed in each sample, including volume (mL), pH and spermatozoa concentration (x10 6 /mL). Spermatozoa motility (MOT; percentage of motile spermatozoa; motility > 5 μm/s; %), progressive motility (PROG; percentage of progressive motile spermatozoa; motility > 20 μm/s; %), distance average path (DAP, µm), velocity average path (VAP, µm/s) and amplitude of lateral head displacement (ALH, µm) were determined using the Computer Assisted Semen Analysis (CASA) system based on the SpermVision TM program (Minitube, Tiefenbach, Germany) and Olympus BX 51 phase contrast microscope (Olympus, Tokyo, Japan). The samples were placed into the Makler Counting Chamber (depth 10 μm, 37°C; Sefi Medical Instruments, Haifa, Israel) and assessed. At least 1000 cells were evaluated in each sample (Massányi et al., 2008) . The samples were centrifuged (15 min, 10 090 × g, 4°C), seminal plasma was transferred into 1.5 mL tubes and kept frozen (−80 °C). The cell sediments were moved into tubes containing 1.5 mL distilled water and subsequently lysed on ice using sonication (28 kHz, 30 sec). The lysates were centrifuged (15 min, 11 828 × g, 4 °C) and the supernatants containing the intracellular content were transferred into 1.5 mL tubes and stored at −80 °C until further analysis (Tvrdá et al., 2013a) . The assessment of TAS originates from the ability of all antioxidants in the sample to neutralize a prooxidant compound. The TAS Randox (Randox Laboratories, Crumlin, Great Britain) assay follows an incubation of ABTS (2,2'-Azino-di-[3-ethylbenzthiazoline sulphonate]) with a peroxidase (metmyoglobin) and H2O2 to produce the ABTS+ radical. This has a relatively stable blue-green color, which may be measured at 600 nm. Antioxidants present in the sample supress this color production to a degree, which is proportional to their concentration. TAS was assessed using the Genesys 10 spectrophotometer
The antioxidant capacity represents the concentration and activity of diverse components which prevent oxidative damage to biomolecules. This study compares the effectiveness two routinely available protocols (Total antioxidant status -TAS and Ferric reducing ability of plasma -FRAP) with respect to the relationship between the antioxidant capacity and semen quality in bovine seminal plasma and spermatozoa. Computer assisted semen analysis was used to evaluate selected spermatozoa motion parameters; TAS and FRAP were assessed using UV/VIS spectrophotometry. Higher antioxidant activity (P<0.01) measured by both techniques was recorded in the seminal plasma. At the same time, the antioxidant properties evaluated by both techniques significantly (P<0.01) reflected on the semen quality in both seminal plasma as well as spermatozoa. Our results suggest that both methodologies used to assess the antioxidant capacity of semen are equally suitable to be routinely used in veterinary medicine.
(Thermo Fisher Scientific Inc., Waltham, USA) and is expressed as µmol/mg protein (Tvrda et al., 2012) . The FRAP assessment followed the original procedure described by Benzie and Strain (1996) . It is a simple test to determine the total antioxidant power, based on the reduction of a ferric-tripyridyl triazine complex to its ferrous colored form in the presence of antioxidants. The FRAP reagent contains 10 mmol/L TPTZ (2, 4 ,6-tripyridyl-s-triazine) solution in 40 mmol/L HCl (Centralchem, Bratislava, Slovak Republic) plus 5 mL of 20 mmol/L FeCl3 (Centralchem, Bratislava, Slovak Republic) and 50 mL of 0.3 mol/L acetate buffer (pH=3.6; Centralchem, Bratislava, Slovak Republic). Aliquots of 100 μL sample were mixed with 3 mL FRAP reagent and the absorbance of reaction mixture was measured at 593 nm for 4 min using the Genesys 10 spectrophotometer (Thermo Fisher Scientific Inc., Waltham, USA) and is expressed as mmol/mg protein.
Protein concentration was quantified using the DiaSys Total Protein (DiaSys, Holzheim, Germany) commercial kit, based on the Biuret method: copper sulphate reacts with proteins to create a violet blue color complex in alkaline solution, whose intensity is directly proportional to the protein content at 540 nm using a semi-automated clinical chemistry photometric analyzer Microlab 300 (Merck®, Darmstadt, Germany) (Tvrdá et al., 2011) . All data were subjected to statistical analysis using the GraphPad Prism program (version 3.02 for Windows, GraphPad Software incorporated, San Diego, California, USA, http://www.graphpad.com/). Results are quoted as arithmetic mean ± standard error (S.E.). Pearson product-moment correlation coefficient analysis for paired samples was used to assess correlations between all examined parameters. Additionally, the samples were categorized in three quality groups according to their motility rates. Comparative analysis of selected parameters in the seminal fractions as well as in the quality groups was carried out by one-way ANOVA with the Bonferroni multiple comparison test. The level of significance for the comparative as well as correlation analysis was set at *** (P<0.001); ** (P<0.01); * (P<0.05).
RESULTS AND DISCUSSION
Results from the seminal examination are shown in Table 1 . Animal donors presented with no signs of disease or pathology. At the same time, the final values met the criteria established for the Simmental-Fleckvieh bovine breed, which is why a possible health impact on the outcomes from the biochemical assessment was ruled out. Results of the biochemical quantifications are presented in Table 2 . Both antioxidant markers were higher in the seminal plasma when compared to the cell lysates (P<0.001 with respect to TAS; P<0.01 in case of FRAP). Table 3 displays the results of the correlation analysis between the motility characteristics, and antioxidant characteristics assessed in bovine seminal plasma and spermatozoa. All spermatozoa motion parameters were significantly (P<0.01) positively correlated with both TAS and FRAP. To have a better understanding of the results, the samples were categorized in three groups of excellent (Ex; >90% motile; n=13), good (Go; 80-90% motile; n=14) and moderate (Mo; <80% motile; n=10) quality according to their motility rates (Table 4) . Mean values for MOT, PROG, DAP, VAP as well as ALH were significantly different between the groups (P<0.001 Ex vs. Go and Ex vs. Mo).
The highest TAS and FRAP concentrations were recorded in the Ex group of both seminal fractions. Inversely, the lowest antioxidant activity was detected in the Mo group. Significant differences (P<0.01) were observed when comparing the antioxidant parameters between the Ex and the Mo groups. The seminal plasma is the central reservoir of antioxidants protecting the ejaculate against oxidative damage (Agarwal et al., 2006) . Our records agree showing that the TAS as well as FRAP, both techniques routinely used to assess the antioxidant capacity of the sample, were significantly higher (Table 2) in the seminal plasma, suggesting that this semen fraction may be protected by a complex antioxidant system (Selley et al., 1991 , 2013a,b) . Positive correlations between enzymatic or non-enzymatic antioxidants and sperm motility have been related to lower oxidative insults and cytotoxicity to spermatozoa. Measurements of antioxidant components and characteristics have also shown significant differences between case and control groups and correlated with sperm motility (Khosrowbeygi et al., 2004; Pahune et al., 2013) . One advantage of our study was centrifugation of semen samples at high speed to precisely separate the seminal plasma from spermatozoa, as the membrane-bound oxidases or antioxidants associated with cellular debris and/or organelles may have an impact on the seminal plasma antioxidants (Zini et al., 2000) , and vice versa, as seen in the correlation analysis (Table 3) . Diverse techniques have been developed to assess the antioxidant capacity of a variety of molecules, nevertheless as many variables are taken into account when focusing on the antioxidant properties of a complex sample, the outcomes have to be treated cautiously (Alam et al., 2002) . There is no universal system able to provide information about the 'true' antioxidant power of a single antioxidant or a complex mixture of antioxidant substances. At the same time, a comparative evaluation of antioxidant capacity is difficult to perform as the activity depends on the substrate, reaction medium, oxidation conditions, interfacial phenomena or the antioxidant partitioning properties between separate phases (Litescu et al., 2010). Here we used two very frequently applied methods to estimate the antioxidant capacity of the seminal plasma and lysates. While the FRAP assay is based on reduction of a ferric-tripyridyl triazine complex to its ferrous colored form in the presence of antioxidants, the TAS is an ABTS related decolorization assay. Although the principles of the assays may be different, both are based on assessing the capacity of all the hydrophilic as well as lipophilic molecules able to metabolize ROS. Independently of the assay applied, the total antioxidant capacity has been found to be associated with semen quality along with sperm viability and functional activity ( (Table 3) , as well as similar associations between the spermatozoa motility characteristics and biochemical markers (Table 4) suggest that both assays are suitable for the measurement of the in vivo antioxidant status of semen.
CONCLUSION
This study sheds more light on the complexity of interactions between semen quality and antioxidant profile of bovine ejaculates. At the same time our results indicate that both methodologies used to assess the antioxidant capacity of biological material are equally suitable to be used in veterinary andrology. Lastly, we recommend that routine evaluation of the seminal antioxidant capacity should be considered during male fertility assessment in animal production.
